Introduction
============

Sore throat is a common reason for prescribing antibiotics and accounts for about 11% of all antibiotic prescriptions in primary healthcare in Sweden, which is a low prescribing country. Among approximately 29 consultations per 1000 inhabitants for sore throat in 2013, about two thirds were labelled as tonsillitis, of which 80% received an antibiotic prescription.[@ref1] Group A streptococcus is the most common pathogen in acute tonsillitis and is present in about 33% of patients with acute sore throat, but other bacteria and viruses are also potential pathogens.[@ref2] [@ref3] The European Society of Clinical Microbiology and Infectious Diseases (ESCMID) Sore Throat Guideline Group and Swedish guidelines for the management of sore throat focus on patients who are more likely to benefit from antimicrobial treatment.[@ref2] [@ref4] These patients have a higher symptom burden and an infection caused by group A streptococcus. The recommendation is that antibiotic treatment should be offered to patients with three or four Centor criteria (fever, tender cervical lymph nodes, coatings of the tonsils, and lack of cough) and a positive rapid antigen detection test for group A streptococcus.[@ref2] [@ref4] [@ref5] In Sweden the recommended treatment regimen for adults is 1000 mg penicillin V three times daily for 10 days.[@ref4] This duration of treatment is similar to other countries,[@ref2] [@ref6] [@ref7] but the dosage and total exposure (30 g) are relatively high.[@ref6] [@ref7] [@ref8] The historical reason for antimicrobial treatment is mainly to avoid serious complications such as acute rheumatic fever and glomerulonephritis.[@ref9] These conditions are currently extremely rare in high income countries.[@ref9] Today the main reason for treatment in high income countries is to speed up clinical resolution of symptoms,[@ref2] but treatment also prevents rare complications such as peritonsillitis, impetigo, cellulitis, otitis media, and sinusitis.[@ref10]

According to a Cochrane report from 2012, clinical trials on shorter treatment duration with oral penicillin for streptococcal pharyngotonsillitis are encouraged.[@ref9] Moore and colleagues (DESCARTE study) called for randomised controlled trials to confirm if a shorter course of penicillin might be sufficient when symptomatic cure is the goal.[@ref11] Increasing overall antimicrobial resistance and the lack of new antimicrobial agents emphasise the importance of correctly using existing antibiotics to their full potential.[@ref12] [@ref13] A Cochrane review published in 2016 concluded that penicillin is the preferred first line treatment for pharyngotonsillitis caused by group A streptococcus in adults and children.[@ref14] This review compared penicillin with broader spectrum antibiotics. A meta-analysis from 2008 stated that clinical success and bacteriological eradication are less likely in patients with group A streptococcus pharyngotonsillitis on a short course of treatment (five to seven days) compared with those on a long course of treatment (10 days). The total daily doses in these studies ranged from 750 to 1600 mg, either twice daily or three times daily.[@ref15] However, the inclusion criteria did not always follow current ESCMID guidelines, and the dosing regimens were suboptimal according to current knowledge of pharmacokinetics and pharmacodynamics.

The efficacy of β lactam antibiotics is dependent on time above the minimum inhibitory concentration of the unbound drug concentration in serum. The most important determinants for time above minimum inhibitory concentration are dose and frequency, and the dosing regimen of 800 mg four times daily provides better target attainment compared with 1000 mg three times daily.[@ref13] [@ref16] The risk with a shorter regimen might be a lower rate of clinical resolution and microbiological eradication.[@ref15] However, reducing the treatment duration could cause fewer side effects, improve patient adherence,[@ref17] cause less impact on the human microbiota,[@ref18] lower the total antibiotic use, and reduce drug costs for patients and the community. The rationale for a non-inferiority trial design was based on the expectation that non-inferiority of the clinical efficacy of a shorter treatment duration compared with the currently recommended treatment would be sufficient from a clinical perspective. The efficacy of 10 day treatment compared with placebo is previously well documented [@ref19] [@ref20] [@ref21] and in line with international guidelines. The non-inferiority margin for the primary endpoint was agreed upon by the trial steering committee based on European Medicines Agency guidelines [@ref22] and on the judgment that a difference in the rate of clinical cure up to 10 percentage points is not clinically relevant for non-serious infections.

This study was initiated after a governmental assignment to the Public Health Agency of Sweden in 2014 to investigate existing antibiotics. Clinicians and experts performed a review of knowledge gaps followed by a structured prioritisation process to select the most needed clinical studies. The overall objective of this trial was to investigate if the total exposure of penicillin V can be substantially reduced while maintaining adequate clinical efficacy. Our hypothesis was that 800 mg penicillin V given four times daily for five days is non-inferior to the current recommended dose of 1000 mg three times daily for 10 days in patients with pharyngotonsillitis caused by group A streptococcus.

Methods
=======

This phase IV, randomised controlled, open label, non-inferiority, multicentre study with two parallel groups compared penicillin V 800 mg four times daily for five days with penicillin V 1000 mg three times daily for 10 days.

Study population and procedures
-------------------------------

Consecutive patients with sore throat were assessed for inclusion in the study. Inclusion criteria were patients aged 6 years and over with three or four Centor criteria (fever \>38.5°C, tender lymph nodes, coatings of the tonsils (for children inflamed tonsils), and absence of cough), and a positive rapid antigen detection test for group A streptococcus. These criteria have been used in other studies in which the efficacy of the reference treatment has been established.[@ref2] [@ref23] The Centor criteria and the rapid antigen detection test for group A streptococcus are well known to primary care physicians in Sweden and have been used for several years in treatment guidelines. Before the start of the study, we did not provide any additional training about the use of Centor criteria or the rapid antigen detection test for group A streptococcus. The primary healthcare centres used the same rapid antigen detection test that they used in their normal clinical practice.

Patients were not eligible for inclusion when they showed signs of serious illness or had hypersensitivity to penicillins; when they were receiving immunomodulating treatment corresponding to at least 15 mg prednisolone; when they had received antibiotics for pharyngotonsillitis in the past month (relapse); or when they had received any antibiotic treatment within 72 hours of inclusion. We recruited patients from 17 primary healthcare centres in urban and rural regions of Sweden: Skåne, Kronoberg, Västra Götaland, and Södermanland.

Technical information
---------------------

Patients or their guardians provided signed informed consent. Patients eligible for inclusion were assigned to treatment with penicillin V as an oral tablet, either 800 mg four times daily for five days or 1000 mg three times daily for 10 days. The dosages for children up to 40 kg were adjusted according to weight (10-20 kg: 250 mg per dose, 20-40 kg: 500 mg per dose, irrespective of treatment arm).[@ref24] Physicians prescribed penicillin V and the patients or their guardians obtained the drugs from the pharmacy after the inclusion visit. Patients or their guardians were asked to fill in a patient diary until the test of cure visit, which was scheduled five to seven days after the end of antibiotic treatment. We chose a test of cure visit based on last dose and not a fixed day after randomisation so that the duration without antibiotic protection was similar for both treatment groups.

Physicians' clinical judgment of throat status at inclusion and at the test of cure visit were recorded. Throat swabs for rapid antigen detection test and culture were performed at study inclusion and at the follow-up visit. To reduce the discomfort for children, we accepted a double swab if rotated against the tonsils. We regarded any growth of group A streptococcus as a positive outcome. A physician recorded adverse events in the case report form at the test of cure visit. Start and stop dates for each event were recorded, and the physician's assessment of intensity and the relation to the study drug. In addition, patients (or their guardians) self reported adverse events and side effects in the patient diary. Regional study nurses made follow-up telephone calls to patients (or their guardians) one month and three months after completion of antibiotic treatment. Throat symptoms, potential relapses or new tonsillitis, and complications were monitored, in addition to adverse events. When patients had complications, we collected details retrospectively from their medical records. Uppsala Clinical Research Center and the Center for Primary Health Care Research performed monitoring according to International Conference on Harmonisation (ICH) Good Clinical Practice.

Outcomes
--------

The primary non-inferiority outcome was clinical cure five to seven days after the end of antibiotic treatment at the test of cure visit for the per protocol population. Clinical cure was defined as complete recovery without major residual symptoms or clinical findings of pharyngotonsillitis or symptomatic relapse. Secondary outcomes were bacteriological eradication according to the culture taken at test of cure; frequency of relapses one month after first diagnosis (given clinical cure at test of cure); frequency of complications and new pharyngotonsillitis during the three month study period; and patterns of adverse events. In addition, we used patient diaries to assess time to relief of fever and throat symptoms graded on a Likert scale (no symptoms, mild, moderate, and severe symptoms). We evaluated patients' adherence to the study drugs in terms of number of doses, and intake of analgesics according to patient diaries as exploratory outcomes.

Changes of outcomes
-------------------

We performed an additional sensitivity analysis to evaluate the outcome at fixed time points after randomisation. Because the physicians assessed clinical cure only at the test of cure visit, this sensitivity analysis was based on the patient answering "yes" to the question "Do you consider yourself or your child cured from the current infection?" in the patient diary. We performed this analysis at five, seven, and nine days after randomisation.

In June 2017, we also introduced an exploratory outcome at the one month telephone follow-up to examine patients' preferences about the study medication regimen.

Sample size calculation
-----------------------

We assumed 90% clinical recovery in both groups, a power of 85%, a level of significance of 5%, two sidedness, and a non-inferiority margin of 10%, which gave a sample size of 324 patients. Assuming that the primary outcome could not be evaluated in 25% of patients, 432 needed to be included in the study.

Randomisation
-------------

We performed randomisation centrally in advance by using a computerised random number generator within fixed blocks (blinded to the investigators) on a one to one basis and stratified by primary healthcare centres. We concealed allocation by distributing sealed opaque randomisation envelopes to the healthcare centres. The local investigators enrolled participants and assigned them to intervention groups by opening the randomisation envelopes in consecutive order. The allocated treatment regimen was open to participants, investigators, study nurses, and outcome adjudicators. The steering committee agreed definitions of outcome measures to guide the outcome adjudicators before unblinding the two study groups. The steering committee also performed correction of data and made all decisions regarding definitions of analysis populations, variables, and coding of incidences while still blinded to the intervention groups.

Statistical methods
-------------------

Analysis populations were all randomised patients; the modified intention to treat population, defined as every patient who received at least one dose of study drug; and the per protocol population. The per protocol population included patients who met the inclusion criteria and did not fulfil the exclusion criteria; had no major deviations from the study protocol; had taken at least 80% of the study drug doses; had a test of cure evaluation; and had received no other antibiotics before the test of cure evaluation (except for patients who had treatment failures and early relapses).

We presented categorical variables as numbers and percentages, and tested them with Fisher's exact test. Continuous variables were presented, unless stated otherwise, as median, minimum, and maximum, and were tested with the Mann-Whitney U test. The primary efficacy variable, clinical cure, was presented as numbers and percentages, and the risk difference between the two treatment arms was presented with an approximate two sided 95% confidence interval.

We performed the analysis for the primary endpoint on the per protocol population, and this was supplemented by the modified intention to treat population. We presented the secondary, supplementary, and subgroup analyses in a similar manner. Supplementary analyses included the modified intention to treat population with missing values imputed as clinical cure or not clinical cure or without imputation; we excluded patients with only telephone follow-up, patients outside the follow-up visit window, and patients who received oral solution by mistake. We performed subgroup analyses for gender, age (\<18 years and ≥18 years), and Centor score 3 and 4 for the primary outcome. We presented time to relief of symptoms (sore throat and fever) by using the Kaplan-Meier method and we tested for differences between the two groups using the log rank test. Data were censored at the first day of symptom free recording. Safety was presented for the modified intention to treat population using descriptive statistics. We set the level of significance to 5%, two sided. We did not perform any adjustments for multiple comparisons because of the limited number of tests. All analyses were performed using R version 3.5.1 (R Foundation for Statistical Computing).[@ref25]

Patient and public involvement
------------------------------

Patients included in the study provided self assessment of symptoms, adverse events, and preference of dose regimen. No patients were involved in setting the research question, nor were they involved in developing plans for recruitment, design, or implementation of the study. No patients were asked to advise on interpretation or writing up of results. The results will be publicly available on the home page of the Public Health Agency of Sweden.

Results
=======

A total of 433 patients were recruited and randomised by 17 primary healthcare centres, with a median of 23 patients (range 1--81) per centre. Patients were recruited between September 2015 and February 2018. The final patient's last (telephone) follow-up was performed in June 2018. Of the 433 randomised patients, 422 represented the modified intention to treat population and 397 represented the per protocol population. [Figure 1](#f1){ref-type="fig"} shows the numbers of participants for each intervention group and the reasons for exclusions throughout the study. Demographic and baseline data were comparable between the two intervention groups ([table 1](#tbl1){ref-type="table"}).

![Flow diagram according to Consolidated Standards of Reporting Trials (CONSORT). \*Seven healthcare centres out of 17 filled in a screening list and noted screening failures. †Defined as every patient who received at least one dose of study drug. MITT=modified intention to treat; PP=per protocol](skos049862.f1){#f1}

###### 

Demographic and baseline data for modified intention to treat population (n=422)\* who received five days or 10 days of penicillin V treatment. Values are numbers (percentages) unless stated otherwise

  Variable                                      5 days (n=212)   10 days (n=210)
  --------------------------------------------- ---------------- -----------------
  Women                                         138 (65.1)       132 (62.9)
  Median (range) age (years)                    30.0 (6--73)     31.0 (3--67)
  Age group:                                                      
   ≤12                                          41 (19.3)        31 (14.8)
   13-17                                        14 (6.6)         19 (9.0)
   ≥18                                          157 (74.1)       160 (76.2)
  Median (range) weight (kg)                    66.0 (18--116)   69.5 (12--130)
  Centor criteria:                                                
   1-2                                          1 (0.5)          1 (0.5)
   3                                            104 (49.1)       103 (49.0)
   4                                            107 (50.5)       106 (50.5)
  Fever (≥38.5°C)                               157 (74.1)       161 (77.0)
  Tender lymph nodes                            200 (94.3)       189 (90.9)
  Coatings of the tonsils                       182 (86.3)       185 (88.1)
  Absence of cough                              203 (95.8)       198 (94.3)
  Median (range) days of throat pain            3.0 (1--14)      3.0 (1--30)
  Degree of throat pain according to patient:                     
   Mild                                         8 (3.8)          7 (3.3)
   Moderate                                     79 (37.3)        81 (38.6)
   Severe                                       125 (59.0)       122 (58.1)
  Patient's general condition:                                    
   Mildly affected                              65 (30.7)        69 (32.9)
   Moderately affected                          147 (69.3)       141 (67.1)

Includes every patient who received at least one dose of study drug.

Primary outcome
---------------

Clinical cure at test of cure evaluation was 89.6% in the five day group (181/202) and 93.3% in the 10 day group (182/195). The study showed that penicillin V 800 mg four times daily for five days was non-inferior to penicillin V 1000 mg three times daily for 10 days in the main analysis population (the per protocol population). The point estimate showed a difference in the rate of clinical cure of −3.7 percentage points (95% confidence interval −9.7 to 2.2) with advantage to the 10 day intervention group. The results of non-inferiority for the five day treatment were supported by supplementary analyses of the modified intention to treat population with imputed values as clinical cure ([table 2](#tbl2){ref-type="table"}). We confirmed the results by using supplementary analyses of the modified intention to treat population with imputed values as not clinical cure; and analyses of the per protocol population when we excluded patients with only telephone follow-up (n=14) and patients outside the follow-up visit window (n=17). For two supplementary analyses, modified intention to treat without imputation (n=403) and when patients who received oral solution of penicillin V by mistake (n=7) were excluded, the 95% confidence interval crossed the non-inferiority line (−10.04 to 1.9 and −10.01 to 2.2, respectively). The patients who received oral solution were all clinically cured.

###### 

Primary and secondary endpoints for per protocol, modified intention to treat\*, and subgroup populations. Values are numbers (percentages) unless stated otherwise

  Endpoint                                               5 days           10 days          Difference† (95% CI)
  ------------------------------------------------------ ---------------- ---------------- -----------------------
  Primary endpoint: clinical cure at test of cure:                                          
   PP population (n=397)                                 181/202 (89.6)   182/195 (93.3)   −3.7 (−9.7 to 2.2)
   MITT population (n=422)‡                              190/212 (89.6)   197/210 (93.8)   −4.2 (−9.9 to 1.5)
  Subgroup analyses: clinical cure at test of cure:                                         
   Men PP (n=142)                                        64/72 (88.9)     66/70 (94.3)     −5.4 (−15.9 to 5.1)
   Women PP (n=255)                                      117/130 (90.0)   116/125 (92.8)   −2.8 (−10.4 to 4.8)
   Age \<18 years PP (n=101)                             48/53 (90.6)     46/48 (95.8)     −5.3 (−16.9 to 6.4)
   Age ≥18 years PP (n=296)                              133/149 (89.3)   136/147 (92.5)   −3.3 (−10.5 to 4.0)
   Centor score 3 PP (n=194)                             94/100 (94.0)    90/94 (95.7)     −1.7 (−9.0 to 5.5)
   Centor score 4 PP (n=203)                             87/102 (85.3)    92/101 (91.1)    −5.8 (−15.6 to 4.0)
  Secondary endpoints (PP):                                                                 
   Bacteriological eradication at test of cure (n=376)   156/194 (80.4)   165/182 (90.7)   −10.2 (−17.8 to −2.7)
   Relapse within one month (n=359)                      8/179 (4.5)      7/180 (3.9)      0.6 (−4.1 to 5.3)
   Complication by three month follow-up (n=387)         0/198 (0.0)      4/189 (2.1)      −2.1 (−4.7 to 0.5)
   New tonsillitis by three month follow-up (n=386)      6/197 (3.0)      13/189 (6.9)     −3.8 (−8.7 to 1.0)

MITT=modified intention to treat; PP=per protocol.

Includes every patient who received at least one dose of study drug.

5 days−10 days (percentage points).

Missing data (six patients in the five day group and 13 in the 10 day group) imputed as clinical cure.

The sensitivity analysis of the primary endpoint, performed by assessing the patients' judgment of being cured at five, seven, and nine days after randomisation, showed a faster resolution in the treatment arm with four daily doses compared with patients who received three daily doses ([table 3](#tbl3){ref-type="table"}).

###### 

Self reported clinical cure according to patient diaries for per protocol population.\* Values are numbers (percentages) unless stated otherwise

  Self reported clinical cure      5 days (n=195)   10 days (n=186)   Difference† (95% CI)
  -------------------------------- ---------------- ----------------- ----------------------
  Five days after randomisation    142/164 (86.6)   112/167 (67.1)    19.5 (10.1 to 29.0)
  Missing data                     31               19                ---
  Seven days after randomisation   122/129 (94.6)   142/168 (84.5)    10.0 (2.6 to 17.5)
  Missing data                     66               18                ---
  Nine days after randomisation    113/126 (89.7)   152/167 (91.0)    −1.3 (−8.9 to 6.2)
  Missing data                     69               19                ---

Based on number of returned diaries (n=381).

5 days−10 days (percentage points).

Results from the subgroup analysis of gender and different age groups did not reveal any differences and were in line with the main analysis population. In patients with Centor score 3, clinical cure differed between the treatment groups by 1.7% ([table 2](#tbl2){ref-type="table"}).

Secondary outcomes
------------------

[Table 2](#tbl2){ref-type="table"} shows the results of bacteriological eradication according to the culture taken at the test of cure evaluation (presence of group A streptococcus or not); frequency of relapses one month after first diagnosis; and frequency of complications or new pharyngotonsillitis during the study period. Twelve of the 15 patients who experienced relapses had bacteriological eradication at test of cure, including six out of eight in the five day group and six out of seven in the 10 day group. Only four patients had complications, all in the 10 day group, which all resolved: three were peritonsillitis and one was psoriasis, probably provoked by streptococci. Two of the three patients with peritonsillitis were referred to a specialist for surgery. According to patient diaries, time to first day of relief of sore throat was significantly shorter in the five day group compared with the 10 day group in the per protocol and modified intention to treat populations (P\<0.001, log rank test; [fig 2](#f2){ref-type="fig"}). The median time to relief of sore throat was four days after randomisation for both intervention groups. There was no difference between the groups for time to relief of fever recorded in patient diaries (P=0.48, log rank test).

![Time to first day of relief of sore throat according to patient diaries for five day and 10 day groups (per protocol population, n=381)](skos049862.f2){#f2}

No serious adverse events were reported during the study. Most of the adverse events recorded on case report forms (assessed by physicians) were judged to be mild or moderate in intensity: 73% (97/132) and 23% (31/132), respectively, in the five day group and 61% (104/170) and 33% (56/170), respectively, in the 10 day group. The adverse events recorded by physicians were mainly diarrhoea, nausea, and vaginal discharge or itching. In all three categories, the 10 day group had higher incidence and longer duration of adverse events ([table 4](#tbl4){ref-type="table"}). Self reported adverse events in the patient diary supported the pattern of events recorded by physicians, but with a slightly higher incidence and longer duration of adverse events in both groups ([table 4](#tbl4){ref-type="table"}).

###### 

Adverse events with possible relation to study drug assessed and registered by physician (modified intention to treat population,\* n=422) and self reported from patient diaries (modified intention to treat population,\* n=389)†

  Adverse event                   5 days: assessed by physician (n=212)             5 days: self reported (n=199)               10 days: assessed by physician (n=210)       10 days: self reported (n=190)                              
  ------------------------------- --------------------------------------- --------- ------------------------------- ----------- ---------------------------------------- --- -------------------------------- ----------- -- ----------- -----------
  Diarrhoea                       34 (16.0)                               2 (2-4)                                   51 (25.6)   2 (1-3)                                      44 (21.0)                        3 (2-6)        66 (34.7)   2.5 (1-4)
  Nausea or vomiting              33 (15.6)                               2 (2-4)                                   51 (25.6)   2 (1-3)                                      40 (19.0)                        3 (2-5)        60 (31.6)   2 (1-4)
   Nausea                         31 (14.6)                               2 (2-4)                                   ---         ---                                          37 (17.6)                        3 (2-6)        ---         ---
   Vomiting                       4 (1.9)                                 ---                                       ---         ---                                          4 (1.9)                          ---            ---         ---
  Vaginal itching or discharge¶   10 (4.7)                                4 (2-7)                                   20 (10.1)   3 (2-5)                                      26 (12.4)                        6 (4-11)       31 (16.3)   4 (3-8)
  Abdominal pain                  9 (4.2)                                 2 (2-3)                                   ---         ---                                          6 (2.9)                          3.5 (2-6)      ---         ---
  Rash                            5 (2.4)                                 3 (3-3)                                   12 (6.0)    3 (1-3)                                      9 (4.3)                          3 (2-5)        16 (8.4)    4 (2-5)

Includes every patient who received at least one dose of study drug.

Adverse events with at least five registrations in physician assessed group or self reported group are presented.

Duration for all reported adverse events; one patient can occur more than once within the same adverse event category. Calculated as stop date minus start date +1. Duration was not calculated for adverse events with missing start or stop dates or if still ongoing at end of study.

Median (interquartile range).

Prevalence of vaginal itching or discharge among women; five day group: 7.2% assessed by physician, 14.5% self reported; 10 day group: 19.7% assessed by physician, 25.4% self reported.

Explorative outcomes
--------------------

Adherence to the study drug, in terms of number of doses, was high in both groups according to patient diaries, and significantly higher in the five day group. Median adherence was 100% (min-max 65%-100%, interquartile range 1.5%--98.5%) in the five day group (n=199) and 100% (53%-100%, 3.2%--96.8%) in the 10 day group (n=190) (P\<0.05). During the telephone follow-up, a proportion of the study patients (n=43 in each treatment group) were asked which of the antibiotic treatments they would prefer if they had the choice. Irrespective of allocated treatment regimen, 63% (54/86) of the patients would prefer to take penicillin V four times a day for five days, and 22% (19/86) would prefer to take the drug three times a day for 10 days. The remaining 15% (13/86) had no preference. According to patient diaries, 84.4% (168/199) of patients in the five day group had taken analgesics for symptom relief for the current infection, with a median duration of 2.0 days (interquartile range 1.0--3.0 days). In the 10 day group the corresponding figures were 83.7% (159/190) with a median duration of 3.0 days (1.0--5.0 days).

Discussion
==========

We found that penicillin V four times daily for five days was non-inferior in clinical outcome to penicillin V three times daily for 10 days in patients with pharyngotonsillitis caused by group A streptococci. The bacterial eradication rate was lower in the five day treatment group, but the time to symptom resolution was shorter. We did not find any statistically significant difference in the number of relapses within one month between the groups. At the last follow-up there were fewer new pharyngotonsillitis cases and fewer complications reported in the five day treatment group. Additionally, there were fewer adverse events and shorter durations of adverse events reported in the five day group.

Comparison with other studies
-----------------------------

Previous studies have compared long treatment regimens with short treatment regimens with the same daily dosage.[@ref11] [@ref19] [@ref20] [@ref21] [@ref23] [@ref26] In this study, we took into account that the efficacy of β lactam antibiotics is dependent on time above the minimum inhibitory concentration. A similar total daily dose but more frequent dosing regimen would give longer time above the minimum inhibitory concentration and would be more aggressive, therefore treatment would not need to be as long.[@ref13] Interestingly, the sensitivity analysis at fixed time points after randomisation supports the hypothesis that more frequent dosing favours faster resolution of symptoms. However, this difference between the treatment groups equals out towards the test of cure visit, when both groups have been without antibiotic protection for about a week. Therefore, patients with shorter treatment duration might be at slightly higher risk of having an early relapse and need additional antibiotic treatment. It is important to bear in mind that this sensitivity analysis is based on patients' self assessment of cure rather than physicians' clinical judgment at test of cure. Additionally, the five day group diaries had a larger portion of missing data than the 10 day group diaries.

The results from our study support the hypothesis that a dosing regimen of 800 mg four times daily for five days is adequate in the treatment of pharyngotonsillitis diagnosed according to current guidelines. This is in line with a previous observational study that suggested no major differences in outcome among patients aged 16 years and older who received five, seven, or 10 days of treatment with penicillin for sore throat, with doses according to UK guidelines.[@ref11] However, our results contradict other studies that state 10 days of antibiotic treatment is superior to shorter treatment regimens.[@ref15] Another study from the Netherlands found that seven days of penicillin treatment was superior to three days for pharyngotonsillitis in adults, but they used lower penicillin doses (500 mg three times daily).[@ref23] For children with sore throat, no benefits were found for treatment with antibiotics for seven or three days compared with placebo; however, one of the inclusion criteria in that study was only Centor score 2 and there was no test for group A streptococcus.[@ref26]

The evidence shows that antibiotics only have modest benefits in the treatment of sore throat compared with placebo[@ref27] and that three to six days of antibiotic treatment in children with pharyngotonsillitis have been shown to have similar efficacy to 10 days of treatment.[@ref9] However, 10 days of penicillin V treatment is still recommended in the current European and American guidelines.[@ref2] [@ref7] The UK guidelines recommend choosing between five days or 10 days of treatment with penicillin V depending on whether bacterial eradication is regarded as clinically important.[@ref6] The results of our study contribute additional support for a shorter treatment duration regardless of scoring systems or diagnostic guidelines. Our finding that patients in the five day treatment arm reported a shorter time to relief of symptoms is in line with our current knowledge in pharmacokinetics and pharmacodynamics. This finding is also supported by the fact that duration of analgesic use was shorter in the five day group.

The five day regimen was preferred by patients, and patients in this group showed better adherence than the 10 day group despite the more frequent dose regimen. This finding is supported by a previous study that showed a four dose regimen does not reduce adherence compared with a three dose regimen.[@ref17] Fewer patients in the five day treatment group achieved bacterial eradication at the clinical follow up (test of cure), which is in line with previous studies.[@ref15] It is not clear whether bacterial eradication has clinical relevance because colonisation of group A streptococcus occurs in healthy people and there is the possibility that patients have coinfections with other potential pathogens and so the causative agent is not known. Notably, the relapse rate within one month was similar in the two groups, and the recurrence rate of new pharyngotonsillitis within three months was lower in the five day treatment group. Overall, these results support the argument for penicillin treatment regimens with more frequent dosing.

It is important to consider whether shorter duration of treatment would be appropriate in general or if certain subgroups in particular would benefit. In our study, subgroup analyses indicated that the rate of clinical cure at five to seven days after the end of penicillin treatment was similar in both treatment groups for patients with three Centor criteria. However, the cure rate in patients with four Centor criteria appeared lower in those receiving the shorter treatment regimen ([table 2](#tbl2){ref-type="table"}). This is mirrored by the fact that patients with four Centor criteria had a lower rate of clinical cure. Further research is needed to identify patients who would benefit from a longer treatment regimen.

Despite a slightly higher daily dose of penicillin V in the five day treatment group (3.2 g *v* 3.0 g in the 10 day treatment), fewer adverse events and shorter duration of adverse events were reported. This finding could be because of shorter exposure to penicillin and might lead to improved adherence if a five day treatment regimen were to be introduced in clinical practice. The four patients who developed complications (three had peritonsillitis and one had psoriasis) were in the 10 day treatment group. We do not know whether complications were avoided in the five day treatment group because of more frequent dosing or whether the three peritonsillitis cases were caused by other infectious agents not treatable with penicillin V. In addition to group A streptococcus,*Fusobacterium necrophorum* is one of the main agents that causes peritonsillitis.[@ref28]

The five day treatment almost halved the consumption of antibiotics for this indication, which in theory should cause less effect on the human microbiota.[@ref18] [@ref29] Shorter exposure time with penicillin might also reduce the risk of developing resistant bacteria, such as pneumococci with non-susceptibility to penicillin, on an individual and community level.[@ref30] [@ref31] The problem with medicalisation (that is, making people more likely to seek medical care for future illness) should also be weighed against the benefits of treating an otherwise self limiting condition such as uncomplicated pharyngotonsillitis.[@ref32]

The external validity of the results is considered high because the study had stringent inclusion criteria and included consecutive patients from various regions in a country with a highly developed healthcare system. However, it is important to consider that the results from this study primarily apply to countries where the risk of rheumatic fever and glomerulonephritis is low.

Strengths and limitations of the study
--------------------------------------

Our study used inclusion criteria in line with current treatment guidelines and dosing regimens according to modern knowledge of pharmacokinetics and pharmacodynamics. Another strength is that children were included in the study because they are a dominant age group to be treated with antibiotics for respiratory tract infections in primary healthcare.[@ref1] [@ref33]

A limitation of our study is that it was not double blind. Doctors and patients were aware of their treatment arm and so theoretically this could have affected how they reported on the outcome. The risk of performance bias among the clinical assessors was reduced by repeated discussions to agree on common rules on how to evaluate the patients' clinical status. We selected an open label design for practical reasons owing to the complexity of comparing three doses with four doses using placebo, and also the associated costs; however, a strict randomisation strategy was applied to reduce the risk of selection bias. To ensure that the randomisation envelopes were not opened in advance, regular monitoring visits checked the envelopes were intact. To avoid bias, all cleaning of data was performed on the whole dataset before unblinding the two study groups to the steering committee. As seen in previous studies,[@ref10] non-recruitment logs could not be completed by all participating health centres because of time limitations in clinical practice. Another limitation was the lack of information on bacteriological outcome at long term follow-up.

Conclusion
----------

This study showed that penicillin V four times daily for five days was non-inferior in clinical outcome to penicillin V three times daily for 10 days in patients with pharyngotonsillitis caused by group A streptococci. The number of relapses and complications did not differ between the two intervention groups. Our findings indicate that five days of treatment with penicillin V four times daily might be an alternative to the currently recommended 10 day regimen.

### What is already known on this topic

1.  Increasing antibiotic resistance and the shortage of new antimicrobial agents emphasise the importance of optimising the use of existing antibiotics

2.  Pharyngotonsillitis is one of the most common infections in primary healthcare and accounts for a substantial proportion of antibiotic prescribing in Sweden and other European countries

### What this study adds

1.  This randomised, open label, multicentre study with non-inferiority design compared a shorter and more frequent treatment regimen with penicillin V to the currently recommended 10 day treatment regimen for pharyngotonsillitis caused by group A streptococci

2.  Five days of treatment with penicillin V four times daily was non-inferior in clinical outcome for patients with pharyngotonsillitis caused by group A streptococci and might be an alternative to the currently recommended 10 day regimen

3.  Changing from 10 days to five days of treatment could substantially reduce the total consumption of penicillin V for this indication in countries that follow the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) guideline
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